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PROTECTION OF HARTFORD SOUTH MEADOWS 
AT HARTFORD, CONNECTICUT 


A Symposium 


(Presented at a meeting of the Boston Society of Civil Engineers held on January 25, 1933) 


THE PROJECT IN GENERAL 


By RoscorE N. CLARK* 


LOCATION 


IMAGINE a plane, roughly triangular in shape, with its length about 
three miles and its width about one mile, having a fairly uniform sur- 
face sloping gradually from an elevation of 22 at the apex to an elevation 
of 6 or 8 at the base. 

Further, imagine this plane, which extends in a northerly and 
southerly direction, to be bounded on one of its long sides by a river 
and on the other long side by a slope of land rising to a considerable 


height above the average elevation of the plane itself, and you have a 


picture of the South Meadows in Hartford. 

The Connecticut River, which extends along the easterly side of the 
triangle forming the meadows, is at this point about 1,200 feet in width, 
with flood variations in the elevation of its surface ranging from 0 to 
nearly plus 30, referring to the datum established by the engineers of 
the United States War Department. This datum differs slightly from 
that used by the city of Hartford. Zero on the government datum is 


* City Engineer, Hartford, Connecticut. 
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plus 1.57 on the city datum. Inasmuch as the city’s system of bench 
marks was used throughout the construction of this work, all elevations. 
mentioned in these papers will be referred to that datum. 


HISTORICAL 


Along the upper right-hand side of these meadows flows a small 
tributary of the Connecticut River, known as the Park River, about 
100 feet in width. This stream enters the Connecticut River about 
one-quarter of a mile south from the apex of the triangle forming the 
meadows, as before described. When the band of Pilgrims under Thomas 
Hooker arrived in 1635 at the site of what was destined to become the 
city of Hartford they found a small settlement of Dutch on the banks 
of this small tributary, and at the upper end of the meadows here they 
had built a log fort known as the ‘‘Huyshope”’ or ‘House of Hope,’’— 
the name of which has been handed down and carried along through 
the history of Hartford as the name of one of its streets in the vicinity. 
During the early colonial days these meadows were the camping ground 
of Indian tribes of the vicinity, and after these had passed from the 
picture the meadows gradually became used by the settlers as pasture 
lands and hay lands. On the higher parts, even as late as the recent 
operations leading to the construction of the dike, vegetable gardens 
were cultivated, but for the most part the only return from these meadows 
was the annual hay crop. 

About 1860 Colonel Samuel Colt, of revolver fame, established on 
the meadows a plant for the manufacture of firearms. This plant was 
established near the apex of the triangular-shaped meadows, and in 
order to protect it and the adjoining lands, of which he was the most 
extensive proprietor, Colonel Colt built a dike cutting off the apex of 
this triangle. This dike extended along the Park River, thence a short 
distance below its mouth along the bank of the Connecticut River, and 
thence turning substantially at right angles and extending to the high- 
land bordering the meadows along the westerly side. The two legs of 
the angle thus formed by Colonel Colt’s dike were about 3,500 feet 
long, enclosing about one-half square mile of the upper end of the 
meadows. A few years previous to the construction of this dike, namely, 
in 1854, the Connecticut River experienced the highest recorded flood 
in its history, when the water rose to an elevation of 31.4 city datum. 
Presumably the experience of this flood spurred Colonel Colt on to 
greater efforts to the protection of his investments at this location. 

Many years then elapsed before any considerable attention was 
given to reclamation of these meadows. 
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IMPETUS TO PROJECT 


No official consideration was given to the reclamation of these 
meadows until in 1917, when the Commission on the City Plan submitted 
to the Court of Common Council a report recommending that steps be 
taken toward such reclamation, and indicating how it might be under- 
taken. The matter was again inactive for four years, until,at the instance 
of the Hartford Chamber of Commerce, the General Assembly of the 
State was petitioned to amend the charter of the city to provide for the 
establishment of a commission to undertake the reclamation of these 
meadows, as well as of a similar meadow tract lying along the Con- 
necticut River north of the city proper. This commission was duly 
established and its members appointed in the same year (1921). Fay, 
Spofford & Thorndike, Consulting Engineers, of Boston, were engaged 
by that Commission to make a preliminary study of the situation, with 
recommendations as to the feasibility of the project. In the meantime 
Hartford had become air-minded, and an Aviation Commission was 
formed which selected a part of these meadows as its landing field. 


EXTREME FLoops 


In November, 1927, the Connecticut River again went on a ramp- 
age, and rose to a height of 30.6, which had been exceeded only once in 
recorded history, namely, in 1854, as before mentioned. The new avia- 
tion field was covered 10 feet deep with water, and the hangars and 
temporary buildings which had been erected were flooded and in some 
instances wrecked. This happening was possibly an added spur to the 
need of further reclamation proceedings, and in 1928 an appropriation 
was made for a detailed survey, with Fay, Spofford & Thorndike again 
retained to make definite recommendations for a dike and estimates of 
cost. This report was made and submitted to the Meadows Develop- 
ment Commission, which immediately asked for an appropriation suf- 
ficient to carry out the work. At this point a controversy arose between 
the Development Commission and the city government. At the 1929 
session of the legislature the Meadows Development Commission was 
abolished and the Court of Common Council turned over the work of 
carrying on the reclamation program to the Board of Street Commis- 
sioners, which corresponds to the usual board of public works in most 


New England cities. 
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BoARD OF STREET COMMISSIONERS 


The Board of Street Commissioners referred the matter to me as 
their technical adviser, and steps were immediately taken to get the 
work in shape for letting a contract. Messrs. Fay, Spofford & Thorn- 
dike were further retained as consulting engineers by the Board of 
Street Commissioners, upon, my recommendations. 

The formal proceedings through the Board of Aldermen for the 
layout and assessment were passed in February, 1930.' The contracts 
for clearing and grubbing and steel sheet pile cut-off were let in March, 
1930, and the contract for the dike proper in August of that year. 


DEVELOPMENT OF THE HARTFORD SOUTH 
MEADOWS 


By Freperic H. Fay * 


SITE 


LocaTED in the extreme southeast corner of the city of Hartford, 
Connecticut, bordering the Connecticut River, lie the Hartford South 
Meadows, a low area of meadow land approximately two square miles 
in extent. This entire tract is below extreme flood heights of the river; 
most of the area was formerly covered by water at times of even mod- 
erate floods, which occur nearly every year and often several times in 
the same year. The highest land is found in the northerly portion, 
while valleys between ridges leading to the southwesterly corner of the 
tract were at such low level that they were permanently flooded. These 


swamp areas constituted health nuisances and fertile breeding grounds 
for mosquitoes. 


PRELIMINARY INVESTIGATION 


The reclamation of the South Meadows was actively considered in 
1921. In that year the speaker’s firm made an economic and industrial 
survey for the Hartford Meadows Development Commission, to deter- 
mine an advantageous utilization of the tract, primarily for industrial 
and water-front purposes. 

All portions of the relatively small city area, other than the exten- 
sive South and North Meadows along the river, have become quite 


* Of Fay, Spofford & Thorndike, Consulting Engineers, 44 School Street, Boston, Mass. ~ 
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fully developed. The 1921 investigation demonstrated that the South 
Meadows, if reclaimed, would be an excellent site for industrial growth. 
Of the 1,200 acres of the South Meadows it was found that only a small 
portion, along the Middletown Branch of the New Haven Railroad, 
was needed for the reasonable growth of industries of this character, 
and the recommendation at that time was that the larger part of the 
area be devoted to residential development. 

For some time after the 1921 investigation nothing further was 
done toward the reclamation of the South Meadows. 


ESTABLISHMENT OF BRAINARD FIELD 


Several years later Brainard flying field was located in the northerly 
or higher part of the meadows, and this has now become one of the im- 
portant airports of the country. 

In the early part of November, 1927, the Connecticut River rose 
to a height of 30.6 feet, Hartford city datum, and the entire meadows, 
including the aviation field, were covered with water. This flooding of 
the airport brought home to the citizens of Hartford the immediate 
necessity of protecting the airport from floods if it were to be of the 
maximum use. There was also realized the advantage of having near 
the aviation field lands for use of the various industries connected with 
aviation. 

With the meadows fully protected against floods of the river, the 
lower areas filled and proper provisions made for drainage, both of 
these conditions would be realized. 


PROTECTION OF HARTFORD SOUTH MEADOWS 


In 1928 the speaker’s firm was again engaged by the Hartford 
Meadows Development Commission to make recommendations for the 
protection of the meadows and to prepare preliminary plans and esti- 
mates of cost of structures necessary to accomplish this purpose. 

A topographical plan of the South Meadows area was compiled 
and a survey of the area adjoining the river and the Wethersfield town 
line was made. At the same time numerous wash borings were taken 
in the area where it was expected to locate the dike, and also in the 
river and at various points throughout the entire South Meadows tract. 
These borings were made to determine foundation conditions for the 
dike, the character of material available for dike construction, and the 
general geological conditions underlying the entire meadows. Dr. 


192 BOSTON SOCIETY OF CIVIL ENGINEERS 


Terzaghi, formerly Professor of Soil Mechanics at the Massachusetts 
Institute of Technology, was engaged as consultant at this time. Many 
of the borings were made under his direction and various samples of 
soil were analyzed. Later, this work was carried on by Professor Glennon 
Gilboy, successor to Dr. Terzaghi. Dr. Gilboy will tell you of this work. 


DIKE 


Reclamation of the South Meadows area by filling to a level above 
extreme flood height was impractical because of the prohibitive cost. 
The practical and economical method of reclamation was by building 
a dike or levee from the high land near Warwarme Avenue on the north, 
southerly for two miles along the river bank, and thence westerly for 
an additional mile along the Wethersfield town line to high land on 
Wethersfield Avenue. Although the reclaimed meadows will remain 
permanently below maximum flood heights, only their lower portions 
require filling to be usable, and these filled to relatively shallow depth. 
With the dike completed, the entire area can safely be built upon without 
danger from floods. 

The location of the dike was determined: first, to provide the 
maximum usable area inside the dike; second, to provide an economical 
location with reference to obtaining and placing materials for its con- 
struction; and third, to provide a uniform flood channel for the river. 
The top of the dike was designed to be approximately 4 feet above 
maximum flood. 


MATERIALS FOR DIKE CONSTRUCTION 


Material most readily available for construction of the dike was 
the coarse sand of the river bed. This coarse sand stratum extends 
from the river in a nearly horizontal plane beneath the South Meadows 
area. Overlying this coarse stratum is a surface layer of varying thick- 
ness of fine, silty or compact sand. This fine, silty sand was found to 
be but slightly permeable, and, when properly placed and compacted, 
to be excellent material for a dike. The coarse river sand, on the other 
hand, is about seventy-five times more permeable, and water will flow 
through it so freely that it would not be possible to build a dike of this 
material alone without excessive leakage. 

As a result of Dr. Terzaghi’s investigations, the construction of a 
sheet pile cut-off beneath the dike was found necessary, since without 
this cut-off the flow of water through the coarse underlying sand stratum 
would subject the meadows area, after the dike was completed, to 
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danger of boils, because of the comparatively thin layer of the im- 
permeable silty sand material overlying the coarse sand. This sheet 
pile cut-off extends beneath the dike for its entire length, and was 
driven through the coarse sand into compact clay beneath. 

Three types of dike were considered: 

1. River sand dike with flat slopes. 

2. River sand dike with concrete Nahe on steep river slope. 

3. Silty sand dike. 


1. River Sand Dike with Flat Slopes 


A dike could have been built by hydraulic methods, using the 
coarse sand from the river bed, but the most economical section would 
have required slopes approximately 10 horizontal to 1 vertical. This 
dike with these flat slopes would have been stable, but unless the river 
slope were blanketed with some fairly water-tight material the seepage 
at flood stages of the river would have been excessive. 


2. River Sand Dike with Concrete Protection on Steep River Slope 


This section of dike had a river slope of 2 horizontal to 1 vertical, 
and a land slope of 5 horizontal to 1 vertical, with a width of crest at 
elevation 35 of 15 feet. It was intended to construct this dike by hy- 
draulic methods, using low retaining dikes or baffles to help retain the 
steep side slopes during construction. The river slope could not be built 
without a material amount of trimming. It would have been necessary 
to protect the river slope of this dike from erosion and to form an im- 
pervious blanket, which would cut down seepage through it. It was 
proposed to do this by facing the river slope with concrete. 


3. Silty Sand Dike 


The section of dike to be constructed of the fine, silty sand had a 
slope on the river side down to maximum flood plane of 2 horizontal to 
1 vertical, and from this elevation to ground surface of 3 horizontal 
to 1 vertical. The slope on the land side varied from 2 to 24% horizontal 
to 1 vertical. It was proposed to protect both slopes of this dike by 
grassing. This section, with a top width of 15 feet, was somewhat 
larger than necessary to provide stability or to insure a reasonable mini- 
mum amount of seepage, but because of the more or less unstable char- 
acter of the material of which the dike was built, and even with the 
grass protection, it was still thought well worth while to provide a sec- 


tion of more than adequate strength. 
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D1kE RECOMMENDED IN 1928 


Based on the study of these three sections the following recom- 
mendations were made: 

First, to construct the dike along the river with the river sand and 
protect it by concrete facing on the river side. This type of dike would 
give ample protection against river currents and all material for its 
construction would be taken from the river. It was proposed to con- 
struct a silty sand dike along the major portion of the southerly city 
line. Here, because of the absence of strong currents in Wethersfield 
Cove, concrete facing would not be required to protect the outer slope 
against erosion if these were seeded. 

Second, there was ample silty sand material immediately available 
for its construction. 
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Fic. 1.— TypicaAL Cross SECTION OF DIKE ALONG CONNECTICUT RIVER 


WELLS ALONG THE NORTHERN BORDER OF THE PROPERTY 


Dr. Terzaghi’s investigation showed that there was a possibility of 
danger from water flowing from the river beneath the areas northerly 
of the South Meadows area, but that this danger would be obviated if 
a series of wells were provided as a cut-off. The water from these wells 
is to be led through drainage ditches to the southwesterly corner of the 
meadows area. Here a pumping station has been constructed to take 
care of the natural drainage of the meadows area, together with any 
seepage that might come through the dike and from the wells along the 
northern border. Under ordinary stages of the river no pumping will 
be required, an outlet being provided by conduits through the dike. 


Only when the river level is above a predetermined stage will pumping 
be necessary. ° 
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Errect oF Dike oN FLoop FLow oF THE CONNECTICUT RIVER 


It was determined by studies of the existing data that the dike 
will have no appreciable effect on the big flood heights by narrowing the 
width of the channel through which flood waters must pass in the 
vicinity of South Meadows. There will be a slight effect on the height 
of floods opposite Hartford itself, but, even under flood conditions 
similar to those of the 1927 flood, the flood level at the northerly end of 
the meadows area will be raised less than 31% inches, and this will de- 


crease rapidly in going up river from this point. 


SUBSEQUENT PROCEDURE 


The Hartford Meadows Development Commission accepted the 
1928 report with its recommendations, and asked for money to carry 
out the project. The city, however, decided to do the work under the 
direction of the Street Commissioners. The Hartford South Meadows 
Development Commission was abolished and the work turned over to the 
Street Commissioners under the direction of Mr. Roscoe N. Clark, City 
Engineer, who has already told you something about the project. The 
speaker’s firm served as consultants to Mr. Clark during the carrying 
out of the undertaking. Under Mr. Clark’s direction certain changes 
were made in the design of the dike. First, the city desired to provide a 
top width of dike of 50 feet, so that it might be used for a possible future 
riverside boulevard. With this greatly increased section of dike it was 
decided to omit the concrete facing and to substitute in its stead a 
minimum section of silty sand dike, using the river sand as backing, 
the river slope of the silty sand portion of the structure being protected 
with riprap and with stone paving. 

In order to determine the amount of seepage which could be ex- 
pected through a dike of this section, also the suitability of the slopes of 
the dike composed of river sand and of silty sand, arrangements were 
made for tests at the Massachusetts Institute of Technology, Hydraulic 
Laboratory, under the direction of Professor K. C. Reynolds, of a dike 
section on a small scale. Professor Reynolds will give you the results 
of these studies and show pictures of the tests. 
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THE SOUTH MEADOWS DIKE 
By WILLARD S. BREWER* 


THE construction of the South Meadows dike and the necessary 
drainage works were all done by contract, with the exception of a small 
amount of land clearing done by the city’s own forces. The preliminary 
legal proceedings — the layout and the assessment of damages and 
benefits — were completed in February, 1930, and it was then possible 
to plan a construction program. As periods of high water in the Con- 
necticut River would be a controlling factor, and as it was realized that 
the work would take the larger part of two years, it was decided that 
the project should be completed during the winter of 1931-32 so as to 
be prepared for the spring freshet of 1932. 

The first two contracts — one for the clearing and grubbing of the 
dike area and one for the sheet pile cut-off — were let in March, 1930, 
and the third, for the dike itself, was let in August of that year. The 
contract for the pumping station equipment was given out in December, 
1930, and another for the station building with the conduits through 
the dike in June, 1931. 

The actual progress on the dike was such that it was substantially 
completed before the high water of April, 1932, which came to the 
22-foot level. At that time some minor trimming of slopes on the in- 
side remained to be done, and work was in progress on the seeding. 
At the pumping station the pumps were ready to run the latter part of 
January, so that everything was ready for the first high water. A brief 
account of various operations in the dike construction follows. 


CLEARING AND GRUBBING 


This work occupied only a few months in the early summer of 
1930. The dike location was largely grown to brush and weeds, with 
a small wooded area. Tree stumps and roots were removed by a gas- 
powered shovel of the type used in cellar excavation. 


SHEET PILE CUT-OFF 


The sheet pile cut-off extends the entire length of the dike, a distance 
of a little more than 15,000 feet. It consists of steel piling %& inch 
thick, Bethlehem section AP-16, weighing 29.3 pounds per foot of 


* Division Engineer, Department of Engineering, City Hall, Hartford. 


————— 
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piling and 22 pounds per square foot of wall in place. It was driven by 


two steam hammers working in fixed leads on a traveler running on 


: rails at one side of the line of sheeting, the near rail being 2 feet from 


; the sheeting line. This traveler, 20 feet wide, 40 feet long and of a 
; height of 56 feet above the rail, had a derrick at one forward corner, 
_ the one farthest from the rail, which picked all piling from the ground 
_and placed it in position for driving. The piling was shipped from the 
_mill in interlocked pairs, and was handled and driven in this manner. 
_ The leads were placed 5 feet 4 inches apart, center to center, equal to 

the width of two pairs of piling or four sheets. The hammers were 


Fic. 2. — Cut-orr TRENCH 


Looking northerly along the river dike, showing cut-off 
trench and steel sheet piling 


offset, thus allowing the traveler to move back and forth at all times 


without being interfered with by the sheeting already driven. 

For the first half mile the top of the sheeting in its driven position 
was from 1 foot to 12 feet below the ground surface, and the driving 
here was so hard that an additional small rig was built to carry one 
hammer, and this was used to do the driving below the ground surface. 
With this exception the large traveler did all the work. 

The first piling was put down on May 7 and the last on October 
22, with an elapsed time of 145 days, which means an average progress 
of 104 feet of cut-off wall every day. The best single day’s work was 
300 feet. A contributing factor in the speed with which this work was 
done was the very dry weather throughout the season. — 

The total weight of steel in this cut-off is about 6,000 tons — all 
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rolled at the Lackawanna plant of the Bethlehem Steel Company. 
It is interesting to note that although a small portion at the beginning 
was shipped by rail, the larger part came by canal boat through the 
New York Barge Canal, down the Hudson, through Long Island Sound 
and up the Connecticut River. 


DIKE CONSTRUCTION 


For its northerly 2,400 feet the dike is located about 600 feet from 
the river, so as to be in back of the steam-power station of the Hartford 
Electric Light Company. The section for this length has a top width of 
15 feet, with slopes of 2 to 1, and it was built entirely of the silty sand 
of the meadows. With the exception of this 2,400 feet the dike is com- 
posed of a silty sand embankment on the outside to provide water- 
tightness, and a backing of river sand, having a top width of 50 feet. 
From the river back to the high ground at Wethersfield Avenue the 
section is the same with these exceptions: the stone slope protection is 
omitted, the slopes made flatter (3 to 1 above elev. 25; 4 to 1, elev. 25 
to elev. 15; and 5 to 1 below elev. 15) and the entire slope seeded. 

In September, 1930, work was begun on the silty sand embank- 
ment at the northerly end of this 50-foot-wide section and continued 
southerly until December 1, when a length of one mile had been com- 
pleted (top at elev. 25). During the winter the stone slope protection 
on the outside was placed. The spring freshet in 1931 reached only to 
a height of 18.5 feet, so that it flooded only the southerly portion of the 
meadows and not the higher northerly portions. No damage was done 
to that part of the dike which had been built. While the river was 
high, the northerly 2,400 feet of dike, located back from the river on 
ground above elev. 20, was built. In June work was resumed on the 
lower portions, and all silty sand embankment was completed in Novem- 
ber, 1931. 

The preparation of the ground surface under the silty sand dike 
consisted in general of scraping off weeds, débris or grass with a bull- 
dozer and then pulling a large disc harrow lengthwise of the dike. This 
harrow had discs 22 inches in diameter, and it thoroughly cut the surface 
to a depth of 8 to 10 inches. In the swampy area at the southern end 
of the meadow the top soil was stripped with a drag line. 


CutT-OFF TRENCH 


Along the river the ground on which the dike is built is somewhat 
stratified, silt and fine sand appearing in layers. To prevent river 
water from working through these sand layers, then over the steel 
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_ sheeting and continuing along the sand layer inside the sheeting, a 
_ cut-off trench was dug along the line of piling. It had a bottom width 
of 6 feet, centered on the piling, and extended to a depth of from 2 to 4 
feet below the top of the sheeting. In some places the excavated ma- 
terial was put back, and in other places, where the material was too 
sandy, the trench was filled with material from borrow pits. The refill 
was compacted at first with hand tampers, but later with power tampers. 
This work broke up the stratification existing in the original ground. 


SILty SAND EMBANKMENT 


The silty sand portion of the dike embankment was built with 
material from borrow pits in the meadow. For that portion of the dike 
along the river, and also for a short length east of the railroad, material 
was excavated by gas-powered shovels and transported to the dike by 
5-yard trucks. The shortest haul was about 500 feet and the longest 
about 114 miles, while the number of trucks used varied from four to 
a maximum of thirteen. Trains of steel bottom-dump wagons were 
used on some of the short-haul work. 

The spreading and rolling was accomplished by two caterpillar- 
sixty tractors, one pulling a Slate scraper roller of 5-yard capacity, and 
the other equipped with a LaPlant-Choate hydraulic bulldozer. The 
trucks, of course; accomplished considerable in the way of compacting 
the materials throughout a large part of the work as they were brought 
in loaded over the completed portion, then dumped and sent back over 
the meadow roads. Then, too, the filling was kept spread out over a 
length of 500 to 1,000 feet, so there was a great deal of travel over the 
embankment as it was being brought up. 

For the southerly embankment, along the city line, from the river 
to near the railroad, it was desired to use largely the material from the 
outside of the dike and immediately adjacent to it. As this material 
' had more moisture in it than the material inside the dike on higher 
ground, and, further, as experience had shown that it was not feasible 
to roll it, drag-line machines were used to place it directly in the embank- 
ment without the use of wagons or trucks. In general, the top 3 to 5 
feet of material was used, beginning at a line 40 feet away from the 
outside toe of the dike and extending out from 150 to 200 feet. These 
machines started at the outer limit, and by successive throws the ma- 
terial was worked over into the dike. Two machines, one with a 50-foot 
boom and one with a 60-foot boom, were used. Each was equipped with 
a unit electric light outfit, so that the work could be carried on at 
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night as well as during the day. Three 8-hour shifts were used at first, 
and later two 10-hour shifts. 

The total amount of material in the silty sand embankment is 
about 325,000 cubic yards. 

To insure a control of the material used and to measure its com- 
pactness after being placed in the dike, numerous soil tests were made 
during the construction of this silty sand embankment. These tests 
were of two types, as follows: 

First, a series of tests to determine the permeability of material 
which it was proposed to use in the embankment. These tests served 
as a control of the character of the material, preventing the extension 
of borrow pits into unsuitable material. 

Second, a series of tests to determine the effectiveness of the com- 
pacting operation in the dike itself. These were on samples taken from 
the embankment as the work progressed and the tests determined the 
voids ratio, 7.e., the ratio of the volume of voids to the volume of grains. 

In the rolled embankment the voids ratio ranged from .64 to 1.18, 
with an average of .76. It is interesting to note that tests made on 
undisturbed samples taken at borrow-pit locations before excavation 
gave voids ratio of about 1.0, so it will be seen that the material in the 
rolled dike is much more compact than the same material in its original 
state. 

Only a few tests were made on the voids ratio of material placed by 
_ the drag lines. These averaged 1.14. This material was very wet when 
placed, as most of these borrow pits were excavated to below the ground- 
water level. However, the natural settlement brought about by the 
weight of additional material as the embankment was brought up, 
coupled with the drying out of the material, must have reduced the 
voids ratio to a much lower figure. 


RIVER SAND EMBANKMENT 


About three-quarters of the dike section is composed of river sand, 
and this material was pumped in from the river by a hydraulic dredge 
through a 20-inch discharge line. The dredge worked twenty-four hours 
a day, using three shifts of eight hours each, and the full complement 
was about 45 men. The preliminary plan of discharging the sand and 
water, proposed by the contractor, called for two pipes, one near each 
side of the dike (considering its top), but the work was begun with only 
one pipe, and this method was followed for the entire length of the dike. 
This discharge pipe ran parallel with the dike and was located about 
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15 feet inside of the dike center line, and at the elevation of the finished 
top. The approach line rested on the sand already deposited, the dis- 
charge end being carried about 50 feet ahead of the sand on timber 
supports. An opening in the bottom of the pipe near the beginning of 


this supported section allowed a large part of the sand and a little water 


to drop here, while the remainder was discharged from the end of the 
pipe. 

The silty sand embankment acted as a barrier on the river side, 
thus forcing the dredge water to run along the dike location until an 
outlet was reached. In addition, a crane with a clamshell bucket, 


Fic. 3. — SOUTHERLY DIKE 


Looking easterly along the southerly dike, showing the 
placing of river sand back of the silty sand and 
method of protecting the latter from the dredged 
material 


working on top of the silty sand dike, piled sand against its inside face 
to a height of 6 to 8 feet above the top, so as to protect the silty sand 
dike from wash and also to prevent the sand and water working over 
the top of the silty sand dike. For the embankment along the river the 
outlet for the dredge water was at its southerly end. Later the outlet 
was shifted to low places farther west, and finally to the conduits through 
the pumping station and dike. The slope of the sand, as deposited by 
the dredge water as it ran off, was, of course, rather flat, being about 
5 to 1 at the top and getting flatter as the base of the fill was approached. 
Near the bottom a slope of 20 to 1 was quite usual. It was necessary, 
of course, to pull the material in this flat base back into the dike to 
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produce the section called for. A drag-line machine was used for this 
operation. : 

The pumping was begun in June, 1931, and completed in Novem- 
ber. In five months 980,000 cubic yards of sand had been pumped into 
12,700 linear feet of dike, and in addition several borrow pits and one 
low area had been filled with sand, the total amount being about 1,133,000 
cubic yards. 


SLOPE PROTECTION 


For a distance of 8,000 feet along the Connecticut River the outside 
slope was given a protection consisting of: (1) along the toe of the dike, 


Fic. 4. — River DIKE 


Looking northerly along the inner slope of the river dike, 
showing method of placing concrete pipe drain and 
two grades of crushed stone surrounding it 


a strip of riprap 20 feet wide having a thickness from 12 inches to 3% 
feet, and composed of stones of all sizes up to about 3 cubic feet in 
volume; (2) above the riprap and extending to elevation 25 a hand-laid 
paving; (3) from elevation 25 to elevation 31.4 a 12-inch layer of 114- 
inch crushed stone. 

For the riprap strip, trap rock as it came from the quarry (with- 
out being crushed) was used. The slope paving was composed of stones, 
roughly rectangular in shape, laid on edge and embedded in broken 
stone. Before the paving work was begun the slope on which it was to 
be laid was covered, first with a 6-inch layer of sand and then a 3-inch 
layer of crushed stone. The paving stone was laid in this crushed stone. 


PROTECTION OF HARTFORD SOUTH MEADOWS 203 


The depth of the paving stone was from 8 to 12 inches, and in general 


the width from 3 to 12 inches, with the length from 8 inches up to about 
18 inches. The stone used in the early part of the paving in the late 
fall and winter of 1930-31 was native granite from Bolton and Glaston- 
bury. Later, the most regular stones of the trap rock delivered for the 
riprap were used, and this resulted in a very good job. 

To prevent water working through the dike above elevation 25 a 


_blanket of silty sand was placed outside the river sand. For the portion 


along the river this blanket was 6 feet thick at elevation 25 and 2 feet 
thick at the top of the dike, elevation 35. For the dike from the river 
to the railroad this blanket had a uniform thickness of 1 foot. 


Fic. 5. — SLOPE PAVING 


Looking northerly along the river slope of the dike, 
showing the slope paving 


On the outside of the dike all slopes not covered with stone have 
been seeded. On the inside the river sand was covered with 6 inches of 
the meadow material, and the slope for about one-half the length of the 
dike was seeded. 

DRAINAGE OF DIKE 


To drain away any possible seepage through the dike a reinforced 
concrete pipe drain, part 21 inches, part 24 inches, and part 30 inches in 
diameter, was laid along the inside toe for the length of a mile opposite 
the aviation field. An open ditch provides drainage for the remaining 
distance. This pipe and ditch also serve as a drain for the surface water 
from a portion of the meadow. 
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PRICES AND CONTRACTORS 


For the sheet pile work the contract price was $0.595 per square 
foot of cut-off wall in place. For the dike a few of the unit prices were 
as follows: 


Silty sand embankment . : ; . $0 38 per cubic yard 
River sand embankment . ; ; : 23 per cubic yard 
River sand fill in low areas * ‘ f 22 per cubic yard 
Riprap . P f “ : : . 2.00 per cubic yard 
Slope paving . : ; ; : . 1 60 per square yard 


_ The clearing and grubbing contract was carried out by Pascal 
Ricci, New York City; the sheet pile cut-off, by L. E. McLaughlin, 
Inc., New London, Connecticut; the dike proper, by the R. C. Huffman 
Construction Company, Cleveland, Ohio. For the first-named con- 
tract nine bids were received; for the second, twenty-nine, and for the 
third, eight, the contract in each case being awarded to the low bidder. 
Under the dike there were two sub-contracts, — A. I. Savin of Hartford 
building the silty sand embankment, and the Arundel Corporation of 
Baltimore doing the dredging and completing the river sand embank- 
ment. 


PURPOSE AND SCHEME OF OPERATION OF THE SOUTH 
MEADOWS PUMPING STATION, HARTFORD, 
CONNECTICUT 


By WittiaAm A. D, Wurts* 


FUNCTIONS OF THE STATION AND ELEMENTS CONSIDERED IN THE 
DESIGN 


THERE are two essential elements in the plan under which the 
South Meadows have been protected from periodic flooding. It was 
necessary first to prevent the waters of the Connecticut River from 
flowing back into the meadows during flood stages of the river. The 
dike has been constructed for this purpose. An area of approximately 
two square miles has thus been enclosed. The second necessary step 
in the flood protection plan is the removal of the water which would 
accumulate in the protected area behind the dike. The South Meadows 
Pumping Station has been constructed to perform this function. 


* Assistant Engineer, Department of Engineering, city of Hartford, Connecticut. 
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Water from several different sources must be removed from the 
meadows. Rain falling in the protected area is, of course, the major 
factor in the problem. In designing the pumps, careful studies of the 
rainfall records were made, and the amount of water which may be 
expected to fall on the meadows was computed. A storm of intensity 
such that it may not be expected to occur at intervals less than once in 
ten years was adopted as the criterion. Not all the rainfall is included 
in the run-off of an area such as the one in question. Quite a bit of the 
rain is absorbed by the ground on which it falls. It was, therefore, 
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necessary to modify the figures by a factor known as the percentage of 
run-off. This factor varies with the season of the year, with the nature 
of the ground surface, and with the duration of the storm, and quite 
extensive studies had to be made before reaching a final conclusion as 
to the expected quantity of water from this source. 

Two storm water overflows from the Franklin Avenue sewer district 
discharge into the meadows, one near Old’s Place and one near South 
Street. Each is six feet in diameter. Approximately 80 per cent of the 
storm water from approximately 800 acres of the southerly portion of 
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Hartford is thus conducted to the meadows. Although provisions have 
been made to enclose at some future time the flow so discharged in a 
tight conduit, leading directly to the river, it will be necessary to pump 
this water for some time; for the present development of the meadows 
hardly warrants the expenditure of large sums for the construction of 
works of this nature. Conduits have already been constructed under 
the dike, however, to prevent the disturbing of that structure when 
it is desired to complete this portion of the plan. 

There are other minor factors which had to be considered in the 
determination of the amount of run-off. Ground water finds its way 
to the surface in portions of the meadows. A portion of Colt Park and 
the ‘‘Colts Meadow” district drain into the South Meadows. Some 
water may be expected to seep through the dike, since no earth dam can 
be said to be totally impervious. Although water from this source 
will not be in sufficient quantities to be apparent to observers, it was 
nevertheless included in the study of conditions. It was possible to 
compute the magnitude of the seepage, even before the dike was con- 
structed, by making use of careful physical analyses of the soils used in 
the dike construction. 

From the data obtained from studies of all the factors given above, 
it was possible to determine the inflow into the ponds adjacent to and 
north and east of the pumping station. Since water may be allowed to 
rise in these ponds within reasonable limits without inconvenience to 
anyone, the pumping capacity necessary could be reduced somewhat 
because of the storage effect. 

It was finally decided that the equipment in the station should be 
capable of handling approximately 260 cubic feet of water a second, 
the equivalent of 120,000 gallons a minute, and it was then decided to 
install four 36-inch pumps, each of 30,000 gallons per minute capacity 
against a 20-foot head. 

The construction of buildings and pavements in the meadows will 
increase the percentage of run-off mentioned above. The ponds in the 
vicinity of the pumping station may not always be available for storage, 
due to possible development of that portion of the meadows. Provisions 
were therefore made for the possible future installation of two more 
similar pumps. 

The site on which the pumping station has been built was chosen 
because the topography of the meadows is such that the natural drain- 
age is toward the southwest corner, and drainage ditches already con- 
structed lead to that portion of the meadows. Upon completion of the 
design, contracts were let to Starkweather & Broadhurst of Boston, 
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Massachusetts (now the Starkweather Engineering Company, Inc.), for 
all the mechanical equipment, and to C. W. Blakeslee & Sons of New 
Haven, Connecticut, for the building and appurtenances. 


GENERAL PLAN OF OPERATION 


The general plan of operation may best be understood by reference 
to Fig. 7A and Fig. 7B. Fig. 7A shows the conditions that apply during 
normal stages of the river. The water in the pond behind the station 
flows by gravity directly through the station and through the discharge 
conduit ‘‘A’’ under the dike and into the outlet channel, being led to 
Wethersfield Cove through a ditch connecting with Folly Brook. The 
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Fics. 7A AND 7B.— SouTH MEapows PUMPING 
STATION, AND RELATION TO DIKE 


main sluice gates in the station are left open as shown. No pumping 
is necessary under these conditions. The discharge conduit has three 
barrels, each 7 feet wide by 6 feet 6 inches high. 

When the river rises above elevation 8.0, water would flow" back 
through the discharge conduit and into the meadows, raising the water 
level in the ponds above a desirable maximum. It is then necessary to 
put the pumping station into operation. The main sluice gates in the 
station are closed, preventing further back flow into the meadows. 
The ponds are now full of water up to elevation 8.0. In order to take 
advantage of the pond storage feature mentioned previously, one or 
more of the pumps are started and the level of water behind the dike 
is reduced to elevation 5.0. Then as the water level in the ponds rises, 
due to rainfall or other causes, from one to four pumps may be operated, 
depending on the rate of accumulation. 
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Fig. 7B shows the conditions applying during the river stages 
above 8.0. Water from the ponds flows into the forebay through the 
screens (see also Fig. 9), into the suction chamber ‘‘B,”’ from whence it 
is pumped to the discharge conduit ‘‘A”’ and out into the water outside 
the dike. The pumps are, of course, so constructed that they are capable 
of forcing water out through the discharge conduit against the pressure 
of the highest level to which the river may be expected to rise. From 
past records of the Connecticut River, covering a period of thirty years, 
it may be expected that pumping will be necessary for only 100 days in 
the average year, flow by gravity being possible during the remaining 
265 days. The total amount of pumping to be done in the average 
year is estimated to be about 600,000,000 gallons. 
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Fic. 8.— Cross SECTION OF SouTH MEADOWS 
PUMPING STATION 


DETAILS OF OPERATION 


Figs. 8 and 9 have been prepared to show the arrangement and 
interrelation of the several portions of the mechanical and electrical 
equipment. 

Fig. 8 is a cross section through the east and west axis of the station, 
such as might be seen by an observer standing at the front of the station 
looking north, that is, toward the center of the city. Fig. 9 is a section 
through the north and south axis of the station, looking in an easterly 
direction. 

It will be noted in Fig. 8 that there are two pump wells, one in the 
westerly third and one in the easterly third of the station. Each of 
these wells contains two pumps, with space for a possible third unit. 
Blanked off suction and discharge pipes as well as foundations and: 
anchor bolts have been provided for these future pumps. 
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Between these wells at the very bottom of the station (see Fig. 8) 
is the suction well ‘‘B.”’ Fig. 9 shows how the water from the pond 
and forebay enters the suction well through the screens. These screens 
prevent large pieces of wood or débris from entering the pumps. They 
may be lifted out of the water for cleaning by means of the hoists shown 
in the illustration. Above the suction chamber ‘‘B”’ are the discharge 
conduits ‘‘A,’’ which run through the dike to the outlet structure. It 
may be noted in Fig. 8 that no water is pumped through the center of 
the three barrels in the conduit, it being merely for the necessary addi- 
tional capacity under gravity flow conditions. 

The top of the discharge conduits forms the floor of the heating 
Bes room and the vault for high-tension electric apparatus. (See 

ig. 9.) 


CROSS, SECTION 
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Fic. 9. — Cross SECTION OF SoutH MEADOWS 
PumpinG STATION, LOOKING EAST 


Twenty-six feet above the bottom of the pump wells is the main 
floor or motor room. This is level with the ground in front of the station, 
and on it are mounted the main pump.motors, the switchboard and vari- 
ous pieces of auxiliary equipment. The operator (except for periodic 
trips to the pump wells to check the bearing lubrication and the like) is 
stationed here, where all of the apparatus may be controlled, and where 
the performance of the pumps may be watched indirectly through the 
readings of the various meters and gauges. 

The details of the several portions of the apparatus will be taken up 
separately. 

PUMPS 


The four 36-inch pumps are identical in construction, were built 
by the Morris Machine Works of Baldwinsville, New York, and are 
approximately twelve feet high. The water is drawn from the suction 
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well and discharged into the discharge conduit. The impeller may be 
~ seen in the cut-away view of the pump in the east well of Fig. 8. The 
impeller rotates at a speed of 450 revolutions per minute. The impeller 
is connected to the motor by a vertical shaft 5 inches in diameter. Con- 
crete beams midway between pump and motor hold an intermediate or 
“steady” bearing, and, in addition, serve as support to the grating 
platform at elevation 10. These intermediate bearings, as well as the 
bearings on top of the pumps, contain integral oil circulators, insuring 
correct automatic lubrication at all times. 


VALVES 


Each pump has a 36-inch manually operated suction valve and a 
36-inch hydraulically operated discharge valve. These valves are very 
similar to valves used in ordinary waterworks projects and were built 
in the Hartford plant of the Pratt & Cady Company (Reading Steel 
Casting Company). The suction valves are used only in connection 
with maintenance or repair work when it is necessary to drain a pump 
in order to enter it through the manholes provided for that purpose. 

The discharge valve must be kept closed when the pump is not 
operating, to prevent the water from the discharge conduit from flowing 
back through the pump. Arrangements have been made so that when 
the pump starts, the valve opens automatically. When it is time to 
stop the pump, the valve is closed first. When it is fully closed, the 
pump automatically stops. The valves are constructed with two paral- 
lel discs, 36 inches in diameter, which slide up and down in the valve 
casing. Wedges are provided to seat the discs tightly when the valve 
is fully closed. The discs are lifted and lowered by city water pressure 
acting on a piston within the cylinder at the elevation 10 level. A four- 
way cock admits water under about 95 pounds pressure to either the 
upper or under side of the piston, as the valve is closed or opened, 
respectively. Water from the opposite side of the piston is exhausted 
to the sump. Each four-way cock is operated by a thrustor, which may 
be seen mounted on the side of the hydraulic cylinder. These thrustors, 
built by the General Electric Company, contain a motor driven centrifu- 
gal oil pump, a small reservoir and a piston and cylinder. The thrustor 
motor is energized automatically when the discharge valve is to be 
opened, and, when energized, rotates the oil pump forcing the piston 
through the thrustor cylinder and moving the four-way cock to the 
proper position to open the discharge valve. When the discharge valve 
is to be closed the thrustor motor is de-energized, and weights attached 
to the four-way cock return it to the closing position. Manual operation 
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of the hydraulic valves is possible by means of geared hand wheels with 
screw stems mounted on the main floor. These need be used only in 
case of failure in the water pressure. 


Morors AND EXCITERS 


The pumps are driven by 225 horsepower General Electric vertical 
motors mounted on the main floor above the pumps. These motors 
operate on 2,400 volt, three-phase, alternating current and are of the 
type known as synchronous machines. 

Since direct current for excitation is not otherwise available, two 
General Electric motor-generator sets, known as exciters, mounted on 
the main floor just east of the stair well, are provided for this purpose. 
Each generator furnishes direct current at 125 volts and is driven by a 
20 horsepower alternating current motor. Each is capable of supplying 
direct current for the field of all the large motors. Two units are pro- 
vided merely as a safety precaution in case of the failure of one to function 
properly. 

Mounted on top of each pump motor, inside the top frame, is a 
thrust bearing. This bearing runs in a bath of oil and carries the load 
of the moving parts of the motor, the weight of the shaft and impeller, 
and the water thrust. 


SLUICE GATES 


The three main sluice gates across the discharge conduit in the 
station (see Fig. 9) are left open when gravity flow is possible, but must 
be closed when pumping is necessary, to prevent back flow from the 
river into the meadows. Each gate weighs 10,000 pounds and is lifted 
and lowered by means of a motor-driven mechanism mounted on the 
main floor. (See Sluice Gate Stands, Figs. 8 and 9.) Hand wheels are 
provided for manual operation when necessary. Automatically operated 
limit switches stop the gates at the fully opened or fully closed positions. 

A second set of five sluice gates mounted on the outlet structure 
south of the dike is for use in emergencies or during maintenance work 
requiring the conduits to be de-watered. The three easterly gates of the 
five protect the station discharge conduits. The westerly two prevent 
water from entering the double-barrelled culvert constructed as part of 
the future conduit for storm water from the Franklin Avenue sewer 
district. 

The gates and stands, both in the station and on the outlet structure, 
were built by the Chapman Valve Manufacturing Company. 
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AUTOMATIC CONTROL 


Full automatic control of the apparatus in the station is provided, 
so that the operators need not be particularly skilled and have only to 
maintain the proper oil level in the bearings, and watch in a general 
way the operation of the machines. Manual control for all units is, 
of course, provided, so that more operating flexibility may be obtained 
when a skilled operator can be present. 

The automatic control is arranged to close the main sluice gates in 
the station as the river rises above any predetermined elevation and to 
open them again when the river falls to the proper level. Similarly, 
when the sluice gates are closed, one pump will be automatically started 
if the level of the water in the ponds rises above a predetermined eleva- 
tion. If the water continues to rise faster than one pump will handle, 
a second pump will be started, and so on until all four pumps are running. 
When the pond has been pumped down to the proper level, the pumps 
are shut off. 

All this is accomplished by a set of seven float switches. Two of 
these are actuated by changes in level of the river and five by changes 
in the forebay level. 

The method of operation of these switches may be seen by referring 
to Fig. 8. Water from the suction chamber is admitted to the float pipe, 
and fills that pipe to the level of water in the forebay. Changes in 
forebay level, therefore, immediately produce similar changes in the 
level of the water in the float pipes, causing the copper float to rise and 
fall. To the floats are attached copper cables extending up through 
the main floor, through the arms of the float switches, over pulleys, and 
back down again to counter-weights of proper mass to balance the 
floats. Movable buttons are attached to the copper cables. These 


buttons throw the float switches on or off at any predetermined float 
elevation. 


ELECTRICAL FEATURES 


Electric power at 11,000 volts is conducted from a transmission 
line of the Hartford Electric Light Company near the Valley Railroad 
to the station along a pole line on the dike right-of-way. Outside of, 
but attached to, the west wall of the pumping station is the transformer 
substation. Here are three large transformers which reduce the voltage 
from 11,000 to about 2,400 volts. Mounted on the steel framework 
constructed on the substation platform are the lightning arresters, 
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primary fuses and disconnecting switches, as well as a small 2,400 volt 
to 220/110 volt lighting transformer for the station illuminating current. 

Power at 2,400 volts enters the station and is conducted by cables 
encased in a concealed steel conduit to the vault on the elevation 10 
floor, underneath the switchboard. This vault is, of course, fireproof. 
Keys to the vault door are in the possession of authorized persons only. 
All the 2,400 volt apparatus is confined within this space. The main 
disconnecting switches, as well as disconnects for each unit, are mounted 
on a pipe framework which also supports the 2,400 volt bus, the large 
oil circuit breakers and oil-immersed motor contactors. These con- 
tactors make and break the 2,400 volt current to the four pump motors 
and are operated by large magnets energized through relays on the 
switchboard on the floor above.» Current and potential transformers 
for operation of meters and relays are also found here, as well as four 15 
KVA, 2,400 volt to 240 volt transformers for the operation of auxiliaries, 
such as the sluice gate motors, exciters and the like. One of these trans- 


formers furnishes current for the automatic and manual control systems. 


Above this vault is the switchboard proper. This is divided in 
two parts. On the seven operating panels (see Fig. 9) are all the switches, 
meters and indicators necessary in the operation of the station. This 


is a dead-front board; that is, no live parts are accessible to the oper- 


ator, and it is therefore impossible for him to receive a shock or be 
burned. A second set of seven control panels behind the operating 


- panel (see Fig. 9) contain all the relays, time switches and the like incor- 


porated in the manual and automatic control systems. These latter 
panels are enclosed for protection by a steel and wire partition and are 
hinged so that they may be opened like doors, for convenience in main- 
tenance work. 

The highest voltage found on the switchboard is 240; for all the 
2,400 volt wiring and apparatus has been confined, in the interests of 
safety, to the vault below. 

Wires from the switchboard lead to a pull-box on the floor between 
the panels. From this pull-box steel conduits embedded in the concrete 
lead to all the various pieces of electrical apparatus about the station. 
Approximately 750 feet of electrical conduit are concealed within the 
main floor. The switchboard and control apparatus were built by the 
Sundh Electric Company of Newark and were installed by the Griffing- 
Schofield Electric Company of Hartford. 


214 BOSTON SOCIETY OF CIVIL ENGINEERS 


FUNCTIONS OF ELECTRICAL APPARATUS 


The panel at the extreme right of the operating face of the switch- 
board controls the incoming line and supports the station clock as well 
as two recording meters and one indicating gauge. A handle for manual 
operation of the main circuit breaker is provided, and is connected by 
a pipe mechanism to the breaker in the vault underneath. Coils incor- 
porated in the handle, together with time delay relays, are arranged to 
trip the breaker and shut off the power in case of short circuit or serious 
overload. Colored indicator lights show whether the breaker is open 
or closed. 

The next panel to the left is for the control of the sluice gates. A 
switch at the top with an indicating light transfers the sluice gates from 
automatic to manual control. A manual switch for each gate provides 
means of opening or closing the gates at the will of the operator. Red 
and green indicating lamps are provided for each gate, the red light 
showing that the gate is fully closed, the green indicating that the 
gate is fully open. Mounted on this panel there is, in addition, a 
transfer switch so arranged that any one of the pumps may be con- 
nected to any one of the float switches. Under automatic control, No. 1 
float switch always is actuated first. It would be undesirable always 
to have the same motor and pump start first, since the wear on their 
bearings would be greater than on the others. Periodic movement of 
this transfer switch will equalize the wear to a considerable extent. 
Under the transfer switch is mounted a circuit breaker handle, with 
trip coils and indicator lamps for the control of the breaker which pro- 
tects the 240 volt transformers. On the secondary hinged panel behind 
this panel are the sluice gate motor contactors as well as time relays 
which perform several functions in connection with the automatic con- 
trol system. 

The operating panel next to the left is the exciter panel and is for 
the control of the motor-generator sets, or exciters. A transfer switch 
is provided for shifting periodically from one exciter to the other to 
equalize wear. Manual switches for hand control of both exciters are 
included, together with red indicating lamps to show which exciter is 
operating. A volt meter and an ammeter for each unit are mounted on 
this panel, with an adjustable rheostat for control of the generator 
voltage. A manual switch for the automatic sump pump is included 
with the other apparatus on this panel. On the control panel behind 
the exciter panel are found a knife switch, fuses and an automatic con- 
tactor for the sump pump, together with full control apparatus for-the 


—— 
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exciters. This apparatus includes knife switches, fuses and contactors 
for the exciter motors, and, at the very bottom, automatic direct cur- 
rent contactors for the generators. These latter contactors are electrically 
and mechanically interlocked to prevent the operation of both generators 
at once. 

The next four operating panels are identical, and each is for the 
control of one of the pumping units. At the bottom of each panel is the 
circuit breaker handle with trip coils for control of the circuit breaker 
mounted below. A green indicating lamp shows that the breaker is 
closed. Above the breaker handle are two switches: one three-position 
switch places the pump unit under automatic control, allows it to be 
started by hand, or shut off, at the will of the operator. A second switch 
allows the discharge valve of the pump to be operated for maintenance 
work without starting the pump. Red and green telltale lights indicate 
whether the discharge valve is closed or open, respectively. At the top 
of the panel are meters indicating the amount of both alternating and 
direct current being used by the motor. A red lamp to the right of the 
‘circuit breaker handle indicates that the pump motor is running. On 
the control panels at the rear are found the various time relays neces- 
“sary for the control of the motors, including the time relay and con- 
‘tactor, for automatically applying the direct current to the field of the 
motor at the proper time. 

Various protective devices and safety features have been incor- 
‘porated in the design. Each circuit has, as previously stated, a breaker 
for the interruption of overload current. Each motor in the station, 
whether large or small, has temperature overload protection; that is, 
if by reason of overload, or otherwise, the windings of the motor become 
unduly heated, the motor is stopped. Since the pump motors draw a 
very heavy current during their starting period, relays have been arranged 
so that only one of the pumps can be started at a time, either under 
automatic or manual control. The second pump is retarded in starting 
until the previous one is running under normal current conditions. 
This is necessary to prevent an excess inrush of current from the trans- 
mission line in quantity sufficient to affect the lights of other users of 
current from the same line. 


GAUGES 


A dial indicating gauge on the incoming line panel of the switch- 
board indicates the level of water outside the dike. The red hand of 
this gauge shows the level at which the sluice gates are to be closed and 


the pumps started. 
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A large indicator board adjacent to the switchboard shows ata 
glance the elevation of the water in the forebay and the ponds north 
of the station. 

An automatic recording gauge equipped with two pens has been 
installed on the first panel of the switchboard and makes a continuous 
graphical record of the water level, both outside the dike and in the 
forebay or ponds. Mounted at the right of this gauge is a recording 
wattmeter which graphically shows when each pump was stopped and 
started and indicates the amount of power used at any time. The 
charts in these gauges give a continuous record over a period of two 
weeks and are driven by electric clock work. By removing and com- 
paring these charts it is possible to obtain an absolute check on the 
operation of the station. It can readily be seen whether under manual 
operation the attendant has at any time failed to perform his duties 
properly; and if, under automatic operation, any of the control apparatus 
should fail to function, the record will be of great value in determining 
the difficulty. 


AUXILIARY APPARATUS 


A seven and one-half ton traveling crane has been installed as a 
necessary adjunct to maintenance work. By its use any of the appa- 
ratus may be lifted or moved about. Sufficient openings through the 
main floor are provided, so that even the pumps and other equipment 
in the wells may be handled by the crane. 

A steam heating system with automatic oil burner has been installed. 
Adjustable thermostats control the heating system, so that when the 
operator or maintenance men are present the building may be comfort- 
ably warm. When no one is to be in the building the thermostats are 
adjusted to a lower temperature, merely enough heat being provided 
to prevent freezing of the water in the pumps and other apparatus and 
to eliminate the possibility of any undue dampness in the building 
which might be detrimental to the electrical equipment. 

A small automatic pump has been installed in the sump in the 
west well. A similar sump in the east well is connected by piping to 
the west well. Any water which accumulates in either of the wells is 
thus pumped out of the station. The motor for the pump is mounted 
on the main floor and is controlled by a float switch actuated by the 
level of water in the sump. The waste water exhausted from the 


hydraulic cylinders of the 36-inch pump discharge valves is also removed 
from the station by the sump pump. 


—— 
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Pumr TEsTs 


One of the most interesting phases of the design of the pumps was 
the use of shop tests of 20-inch model to predict impeller performance. 
The results of the model tests were computed and used to construct 
expected performance or guarantee curves for the 36-inch pumps, it 
having been deemed inexpedient to attempt to make shop tests of 
pumps having capacities as great as 30,000 gallons a minute. 

When the field tests were made, after completion of the station, 
the predictions of performance based on the model tests were sub- 
stantiated with gratifying accuracy. The discharge and efficiency at a 
25-foot total dynamic head as predicted from the model tests were to be 
30,600 gallons a minute and 89 per cent, respectively. The field tests 
indicated that 31,400 gallons a minute were delivered at this head and 
that the efficiency was slightly in excess of 90 per cent. 


SOIL STUDIES ON HARTFORD DIKE 


By GLENNON GILBOY* 


THE suitability of the silty sand as a dike material was largely 
dependent upon its resistance to the seepage of water. In order to 
form a preliminary opinion on this question, borrow pits were excavated, 
and the loose soil was replaced in the pits and tamped in horizontal 
layers to imitate construction conditions. Undisturbed samples were 
then removed and tested for permeability. 

The results of tests on the finest and coarsest samples are repro- 
duced graphically in Fig. 10. The double circles represent the results 
of tests on the undisturbed samples. The small circles and the lines 
show the results of tests on the same materials broken up and tested 
in different states of compactness. The correlation between the two 
sets of tests is interesting as an indication of the fact that with this 
particular material substantially correct results can be obtained without 
removing undisturbed samples from the fill. This is an important item 
with respect to control tests on the material during construction, as it 


permits the use of the simplest type of apparatus. 


Ee 
* Associate Professor of Soil Mechanics, Massachusetts Institute of Technology, Cambridge, Mass. 


218 --' BOSTON SOCIETY OF CIVIL ENGINEERS 


PERMEABILITY 


The rarige of permeability was from about 0.510% to 30X10“ 
centimeters per second; that is, the coarsest material was about: sixty 
times as pervious as the finest. Therefore, the only conclusion that 
could be drawn from these figures was that the total seepage through 
the dike with flood water at the top of the impervious section would be 
somewhere between 0.14 and 8 cubic feet per second. The more care- 
fully the finest constituents were selected, the more ee would the 
lower value be approached. 


Fic. 10. — Tests: or SAND 


The soil composing the impervious section of the model was taken 
from several different locations, and was thoroughly mixed before 
placing. It was therefore to be expected that its permeability. would 
be somewhere between the two extremes previously determined. The 
value found was about 710% centimeters per’ second. ' Introducing 
this figure into theoretical calculations results in a seepage for the whole 
dike, with flood water at the top of the impervious section, of 1.94 
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cubic feet per second. The value obtained from the model test was 
1.85 cubic feet per second. . The close agreement indicates that the 
theory and the permeability measurements are quite reliable. 


FLow LINES THROUGH MODEL 


On rare occasions floods may occur which will lift the river level 
above the top of the impervious section. In order to study this con- 
dition a test was made with the water level at extreme flood height. 


Fic. 11. — CHARACTER OF FLow IN MODEL 


Fig. 11 shows the character of flow in the model, as given by observa- 
tions on dye lines and piezometers. The total seepage was found to be 
19.2 cubic feet per second, more than ten times the amount through 
the impervious section in the preceding case. 


Fic. 12. — FLow Lines THROUGH MODEL AS CON- 
STRUCTED WHOLLY OF SAND 


The test on the model constructed entirely of sand merely showed 
that this type of dike was impractical on account of excessive seepage. 
Valués as high as 61 cubic feet per second were obtained. On account 
of the substantial velocity of flow through this model good flow lines 


were obtained, as shown in Fig. 12. 
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Srupy OF STABILITY OF MODEL 


The model tests were particularly useful in affording an idea of 
the stability of the dike under various conditions. The first stability 
test was made inadvertently, when a pane of glass broke and it became 
necessary to draw off the water. This condition corresponds to a rapidly 


Fic. 13. — EFFECT OF RAPIDLY RE- 
CEDING WATER IN MopDEL 


receding flood in nature. It was found that the exposed surface of the 
impervious section sloughed noticeably as it drained. Fig. 13 gives 
an indication of the amount of damage. 


WAVE ACTION ON MODEL oF DIKE 


After the tests on the first model were completed an attempt was 
made to determine the effect of wave action on the river slope. Waves 
4 to 6 inches high, artificially created, ate their way into the slope at a 
fairly rapid rate. The result of twenty minutes of wave action is indi- 
cated in Fig. 14. It can be observed that the waves undermined the 


slope, and that the material assumed an inclination considerably flatter 
than the original 3:1 angle. 
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Both these tests indicated the necessity for thorough protection of 
the river slope against erosion. As Mr. Fay has pointed out, the prob- 
lem was adequately solved by the use of riprap and stone paving. 


Original Profile nt 


= 
—. 


Fic. 14. — Errect oF WAVE ACTION ON RIVER SLOPE 


The stability of the coarse portion of the dike was also studied. 
Fig. 15 represents an extreme condition. Before the model was destroyed 
the water was allowed to rise until it overtopped the dike, producing 
considerable damage. There is no reason to fear such an occurrence in 
nature; but a similar effect of smaller degree was observed on that 
portion of the landward slope below the line of saturation. It was found 


Fic. 15. — EFFECT OF 
OVERTOPPING OF 
Mopet or DIKE 


that the sand would not stand on a slope steeper than 1:4 under flowing 
water, even at a low velocity. The recommendation was accordingly 
made that care should be taken to provide a substantial rock toe or 
similar drainage element at the landward end, to ensure that the line 
of saturation would at all times remain well within the landward slope. 
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MODEL STUDIES OF DIKE FOR PROTECTION OF 
HARTFORD SOUTH MEADOWS 


By KennetH C. REYNOLDS* 


Tue VALUE oF MopeEL TEstTs 


UntTiL recently the design of most hydraulic structures has been 
based on practical experience only. If failures developed, either the 
damage was repaired or the structure was redesigned. In either case 
the undertaking represented a considerable expenditure of time and 
money without a feeling of security that the structure would success- 
fully perform its task. 

The old methods of design are now being supplemented by a study 
of a small replica or model of the structure to which water is introduced 
to simulate the actual conditions in nature. Alterations may be easily 
and inexpensively made until the desired results are attained. 

Laboratories for making such model studies were first developed 
in Germany, and her scientists have made great strides in developing 
the art. The speaker was honored by this Society by being selected as 
the first recipient of the John R. Freeman Traveling Scholarship for 
1927 to 1929. He made a thorough study of European river hydraulic 
laboratories, and, on his return to the Institute, established such a 
laboratory there. 


NATURE OF PROBLEM 


Several questions relating to the Hartford South Meadows dike 
required further studies, and, in order to settle them, it was decided to 
construct a model of the dike in the River Hydraulic Laboratory at the 
Institute. The research work was placed in charge of Professor Glennon 
Gilboy and the speaker. The studies themselves were accepted as the 
_ basis of a thesis for the degree of master of science by two graduate 
_ civil engineering students, Messrs. S. J. Buchanan and J. H. Kenyon. 

After considerable preliminary study, it was decided to simulate 
the natural dike by means of an undistorted model on a'scale of 1 to 15, 
constructed from the materials intended to be used in the actual project. 
It was believed that this scale factor would produce a model large 
enough so that accurate measurements could be expected and at the 
same time not so large as to be too unwieldy to handle in the laboratory. 


* Assistant Professor of Hydraulics, Massachusetts Institute of Technology. 
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By utilizing the same materials in the model as in the dike, the per- 
meability coefficient would be unchanged, thereby eliminating one 
uncertain factor in the interpretation of. the results. 

The plan of study included measurements of the actual seepage 
through the model dike at various flood stages; measurements of the 
variation in energy of the seepage water throughout the dike section; 
observations on the character of the flow through the dike; studies of 
the effect of the seepage water on the physical properties of.the material, 
with especial regard to the stability of the slopes; and observations on 
the probable resistance of the materials to erosion by moving water. 


DESIGN OF EQUIPMENT 
General 


In designing the model flume or tank in which the tests were to be 
conducted, certain fundamental conditions had to be fulfilled, among 
which may be mentioned: the model had to be entirely contained in a 
comparatively rigid frame, water-tight, with at least one transparent 
face and with sufficient end clearances to allow the establishment of 
satisfactory headwater and tail-water conditions. Provision had to be 
made for accurate automatic control of the headwater level and for 
collecting and discharging the seepage water. Some means for the 
introduction of color into the headwater were thought necessary in 
order that the flow lines might be visually traced. Finally, the tank 
had to be so located that the models could be conveniently constructed, 
the water supply continuously available, and the entire apparatus 
readily accessible for observations and photographic records. 


Model Tank 


The dike tank, designed and constructed especially for these tests, 
was approximately 20 feet long, 2 feet 6 inches deep and 2 feet wide. 
Fig. 16 is a front view of the tank with the first model in place. The 
glass face was 15 feet long and was made up of three 34-inch plates, set 
into the frame in putty and made true and plane. The headwater is 
on the left and the tail-water on the right. 
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Water Supply 


The headwater was supplied through a pipe and hose connection 
to the Cambridge City water supply, regulated by a throttle valve. 
After a preliminary run, it was found that the city water was charged 
with air which clogged the voids of the model dike and gave erroneous 
results. This was corrected by introducing steam under low pressure 
into the water supply pipe just before it entered the tank. The tem- 
perature of the water was raised so that, as the water passed through 
the dike, there was always a drop in temperature, thus clearing the 
voids of entrapped air. 


Fic. 16.— Dike TANK witH Mopet No. 1 In PLACE 


In order to provide a constant headwater level over an indefinite 
period of time without attention, an overflow device was necessary. 
Fig. 17 shows this device as finally perfected. A funnel, which could be 
set by a micrometer screw adjustment for any desired water level, 
passed the waste water into a hose connection which was connected by 
a water-tight joint to the waste outside the tank. 


Outlet 


In the tail-water end of the tank an outlet connection was intro- 
duced, controlled by two gate valves. One valve led to a drain line, 
the other opened vertically downward. In normal operation the drain 
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line was open. When measurements of the quantity of seepage were 
being taken, this valve was closed and the other valve opened, and the 
water allowed to escape until uniform flow existed, when the water was 
collected in a graduate, the time being taken with a one-fifth second 
stop watch. A screen with a gravel and sand filter above was placed 
inside the tank over the outlet to allow the water to escape without 
carrying off the finer constituents of the soil. 


4 
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Fic. 17. OVERFLOW DEVICE 


Piezometers 


In the steel plate forming the back wall of the tank were intro- 
duced 40 piezometer openings (Fig. 18). They were located so as to 
give sufficient readings of pressure in the proposed models. A Yg-inch 
brass nipple was screwed into the plate from the outside and held a 
100-mesh screen against a shoulder, thus preventing sand from clogging 
the gage. At first the piezometers were connected by rubber tubing 
to a common gage board. Entrapped air in the tubing caused errors 
in the readings, and these were eliminated by carrying the connections 
at any one vertical to a gage board, the rubber connections being always 


horizontal. The glass piezometer tubes were ¥% inch inside diameter. 
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Dye 


In order to trace out the flow lines followed by the percolating 
water, an arrangement was made whereby a dye could be introduced 
through a small tube into the headwater slope of the model. Various 
dyes were tried, but that finally adopted was fluorescin, a greenish 
colored dye. Drawn glass nozzles (Fig. 16) were supported on rods 
which, in turn, were carried by clamps fastened to the upper edge of 
the tank and designed to be adjustable in all directions. The tip of a 
nozzle was placed so as to be practically against the glass front of the 
tank and just beneath the surface of the soil, to prevent the diffusion of 
the dye in the headwater. 


Fic. 18.— PIEZOMETERS 
AT Back WALL OF 
TANK 


The proper control of the dye was quite a problem, and the scheme 
finally adopted is shown in Fig. 19. The upper reservoir or auxiliary 
supply reservoir was filled through the rubber tube shown toward 
the front at the mouth of the flask. The dye passed through it and 
the stopper into the auxiliary supply reservoir. From this reservoir the 
dye passed to the dye supply reservoir, the small globular vessel. The 
dye in this reservoir was at atmospheric pressure, the level being main- 
tained within narrow limits by means of the auxiliary flask above, 
which fed the supply reservoir at intervals as the level in the latter 
dropped and allowed air to enter the auxiliary flask through the vertical 


a 
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tube on the outside of the globular vessel, thus unbalancing the pres- 
sure above the dye in the upper flask and permitting sufficient dye to 
pass through the bent supply tube so as to restore the level of the dye. 
In this way, an excess head of about 6 inches was maintained practically 
constant on the supply system. 


Fic. 19.— APPARATUS FOR 
CONTROLLING INTRODUC- 
TION OF DYE 


Leading off the main supply line were the individual dye lines 
which bring the dye to the nozzles. Each line was carefully controlled 
by a Lunkenheimer valve, a very fine adjustment being necessary. 


Materials 


Samples of the proposed borrow pit materials were sent to the 
Institute from the site, representative samples both of the alluvial silt 
and of the pervious river sand being selected for the models. 
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MopeEL No. 1 
General Layout 


The first study was made on a proposed section, the dimensions 
and materials of which are indicated in Fig. 20. It was the intention to 
construct the impervious section from material borrowed from the 
alluvial flood plain, placed as a roll fill. After the completion of this 
portion of the dike, the pervious material was to be dredged into place 
from the bed of the river. 


Fic. 20. — TypicAL Cross SECTION OF PROPOSED 
Dike, Mopet No. 1 (ScALE oF MopeEt 1:15) 


The impervious portion of the section was intended to reduce to a 
relatively small value the seepage through the dike. Its top elevation 
of 25 was chosen, because none but the most extreme floods rise above 
this level. The heavy pervious section was intended simply to furnish 
stability and also to provide a 50-foot crest upon which a highway could 
later be constructed. 


Construction of Model 


The impervious section of the model was constructed from the fine 
alluvial silt from the south end borrow pits. The material was thor- 
oughly mixed dry in its original condition and deposited in the model 
tank by hand in horizontal layers carefully tamped in place. The sec- 
tion was allowed to overrun the final lines and was later trimmed to the 
section shown. 

The material for the pervious section of the model was a mixture of 
the river sand from two samples. In order to simulate to an extent the 
conditions obtained by hydraulic fill, the material was thoroughly 
mixed, saturated and deposited loosely under water in single shovelfuls, 
then mixed and levelled by hand. During this operation the water 
level was kept an inch or so above the top of the finished portion of the 
pervious section, and operations were so carried on that the saturation 
of the impervious section proceeded from the bottom toward the top in 
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order that as much air as possible would be driven out of the voids. 
The pervious section was brought up above the finished lines, and, after 
having been allowed to drain, was trimmed off to the final shape. 


Scope of Tests 


From preliminary observations it was evident that, in order to 
establish constant conditions under any given headwater stage, a con- 
siderable length of time would be required for any one test. On account 
of this time element it was decided to investigate both models for two 
limiting conditions: one in which the headwater stage was at the top 
of the pervious section (elevation 25), and one in which the level was at 
the maximum recorded flood level (elevation 30). 


Method of Testing 


During a test run, several observations were taken. The levels of 
the various piezometers were read at regular intervals, the data being 
taken in millimeters. Observations were simultaneously taken of the 
quantity of seepage, the data being recorded in cubic centimeters per 
minute. The tests were continued until successive piezometer observa- 
tions gave the same values. With the water at elevation 25 nine days 
were required for this model to reach equilibrium conditions, and with 


it at elevation 30 twenty-one days. 


Mopet No. 2 
General Layout 


The second study was intended to furnish information on the 
utility of a dike constructed entirely of the coarse matefial dredged 
from the river bed, and also to study the effect, if any, of the presence 
of a layer of alluvial silt underlaid by coarse material beneath the dike. 
Borings indicated that the South Meadows area, blanketed with alluvial 
silt, is underlaid by a stratum of coarse sand and gravel, below which 
is clay extending to an indefinite depth. The clay being to all intents 
and purposes impervious, it was decided that in the second model the 
bottom of the tank should represent the top of the natural clay layer; 
the coarse sand and gravel stratum should be represented by a layer of 
Plum Island sand; and the alluvial silt blanket should be simulated by 
a layer of the actual material. In the contemplated dike, seepage from 
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the river through the sand and gravel layer was to be cut off by sheet 
piles extending from the natural ground surface into the clay layer. A 
cut-off to represent these sheet piles was included in the second model. 
The dimensions and material of the second model are shown in Fig. 21. 


Construction of the Model 


The first step in the construction of the model was to place the 
model sheet pile cut-off just upstream from the center row of pie- 
zometers. The cut-off was formed by a piece of 22 gage sheet iron, 8 
inches high, extending across the full width of the tank and connected 
to the bottom and-back with putty and to the glass with Canadian 
balsam. Water was allowed to run into the headwater end to demon- 
strate the water-tightness of the cut-off. 
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Fic. 21.— TypicAL Cross SECTION OF PROPOSED 
DixE, Mopet No. 2 (ScALE or MopEt 1:15) 


To imitate the sand and gravel layer, a 4-inch layer of Plum Island 
sand was spread over the entire bottom of the tank by hand and care- 
fully levelled with a screed. 

Above the sand was placed a 4-inch layer of the alluvial silt, extend- 
ing beyond the proposed dike section but not covering the entire length 
of the tank, thereby leaving free access for the water into and out of 
the sand layer. The material was tamped into place by hand and 
levelled with a screed. 

The model of the dike was built to simulate, so far as possible, the 
actual conditions resulting from sluicing operations on the river sand. 
The scheme finally adopted used a hog box, or mixing chamber, fitted 
with a sluicing pipe made of a length of 11-inch fire hose. (Fig. 22.) 

During the sluicing operations a core pool was maintained at all 
times. It became apparent that an actual segregation of the material 
into a core was not taking place on account of the lack of sufficient fines 
in the river sand. It is believed that this method gave results very 
closely approximating what would: result in the actual structure. 


| 
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The sluicing operation was carried out so that the slopes were 
always above the final lines, after which the section was trimmed to 
that shape previously shown. 


Scope of Tests 


The tests were made with the water at the same levels as used for 
the first model, one at elevation 25 and the second at elevation 30. 


Fic. 22. — Mopet No. 2 UNDER CONSTRUCTION, SHOWING SCHEME 
USED TO SIMULATE HypRAULIC FILL 


Method of Testing 


Observations during the test runs included readings of the piezom- 
eters, measurements of the quantity of seepage, observations on the 
character of flow as indicated by dye lines, and observations on various 
items of behavior of the model, such as sloughing at the toe and bulking 
in the headwater section. 

With the water at elevation 25 nineteen days were required for 
conditions to reach an equilibrium, and with it at elevation 30 thirteen 
days were necessary. 
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Discussion 


Harrison P. Eppy:* An inspection of the completed dike and 
pumping station, such as the writer had opportunity to make recently, 
gives the impression of a needful engineering work, well done, but it 
falls far short of giving an adequate impression of the problems involved 
and the studies made in connection with design, and the thoughtful 
planning and use of available labor-saving machinery in construction. 
A symposium like that presented by the several authors is necessary 
and distinctly helpful in forming an accurate mental picture of the 
magnitude of the undertaking. 

The papers illustrate in an unusual way the remarkable develop- 
ment of the art of engineering, and the sciences upon which it is based, 
during the past sixty or more years. 

One cannot but be impressed by the difference in the bases of design 
of the early dike and the one under consideration. The first was built 
according to judgment based upon experience of men who doubtless 
were used to dealing with physical conditions in the field, by means of 
the tools then available. Such tools were picks and shovels, and ox and 
horse drawn wagons and carts. When they are contrasted with the 
shovels, dredges, draglines, bulldozers and other mechanical equipment 
used for handling large quantities of earth, one recognizes that the 
present is an entirely different era from that when the first dike was 
built. 

The new dike was designed with the aid, not only of practical 
experience, but of the most recent scientific developments and dis- 
coveries of the engineering sciences, such as soil mechanics. Even the 
application of these sciences was not by means of rules and formulas 
alone, but Mr. Clarke and Messrs. Fay, Spofford and Thorndike took 
advantage of the opportunity of making actual tests to check theory, 
and afford as sound a basis of design as was possible. 


* Metcalf & Eddy, Consulting Engineers, Statler Building, Boston, Mass. 
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PROCEEDINGS OF THE SOCIETY 


MINUTES OF MEETINGS 
Boston Society of Civil Engineers 


OcToseR 18, 1933. — A regular meeting 
of the Boston Society of Civil Engineers 
was held this evening at the Engineers 
Club and was called to order by the Presi- 
dent, Arthur W. Dean. One hundred and 
twenty-five members and guests were 
present. Previous to the meeting 88 per- 
sons attended the buffet supper. 

The President announced the death of 
J. Waldo Smith, who died on October 14, 
1933, and who had been a member since 
January 27, 1904. 

Upon recommendation of the Board of 
Government it was — 

Voted, ‘‘That the Board of Government 
be authorized to use, in so far as neces- 
sary, the current income from the Perma- 
nent Fund for current expenses of the 
Society.” 

This matter will be finally acted upon 
at the next meeting of the Society. 

The President announced that the next 
meeting will be the Annual Joint Meeting 
designated as Student Night, to be held 
in Chipman Hall, Tremont Temple. 

The President called attention to the 
new bulletin of the Engineering Societies 
of Boston, which is expected to be issued 
weekly. 

The President introduced Mr. Asa H. 
Morrill, Assistant Chief Engineer, Boston 
& Maine Railroad and Maine Central 
Railroad, who gave a talk on the “New 
Tidewater Facilities of the Portland Ter- 
minal Company at Portland, Maine.” 

This included a description of the new 
wharves and equipment, together with a 
discussion of the methods of operation. 
One of these wharves is equipped with 
diggers for handling coal, China clay, 


etc.; another, with transit shed and ma- 
chinery for handling baled pulp, lumber 
and general cargo; the third, with gantry 
cranes for handling ships’ cargo from 
ship to shore, and Burton masts and 
equipment for handling China clay. 

Discussion of the paper was presented 
by John Ayer, of the firm of Fay, Spofford 
& Thorndike, Consulting Engineers on 
this project; Charles H. Priest, manager 
of Marine Terminals, Portland Terminal 
Company; Frank C. Shepherd, Consult- 
ing Engineer; Edgar S. Dorr and Charles 
E. Nichols, Consulting Engineers. 

The paper was illustrated by lantern 
slides. 

The meeting adjourned at 8.30 P.M. 

Everetr N. Hutcuins, Secretary. 


Designers Section 


OcToBER 11, 1933. — A meeting of the 
Designers Section of the Boston Society 
of Civil Engineers was held Wednesday 
evening, October 11, 1933, at the Society 
rooms. The minutes of the May meeting 
were read and approved. The chairman 
then introduced Mr. J. Stuart Crandall, 
of the Crandall Engineering Company, 
who spoke on ‘“‘ Under-water Operations.” 
He spoke particularly about diving and 
the difficulties of doing under-water con- 
struction work. He also explained several 
methods of facilitating the work of the 
diver by the use of templates, etc. A 
diving suit was shown and the various 
parts described. Many illustrations of 
typical under-water construction jobs 
were shown and explained. Several ex- 
amples of deterioration of under-water 
masonry work brought out the need of 
periodical inspection of these structures. 

There were 38 members and guests 
present. 

Henry Brask, Clerk. 
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Designers Section 


NoveMBER 8, 1933. — A meeting of the 
Designers Section of the Boston Society 
of Civil Engineers was held on Wednes- 
day evening, November 8, 1933, at 6.15 
in the Society rooms, Tremont Temple. 

Dr. Arthur Casagrande of Harvard 
University gave a paper on ‘‘Some Obser- 
vations of Current Developments in 
Foundation Engineering, Soil Mechanics 
and Hydraulics in Europe.’’ Dr. Casa- 
.grande devoted most of his time to some 
of the recent research and design work 
of Dr. Terzaghi, describing particularly 
the Bou Hanifia Dam in Algiers, North 
Africa, and the methods used to prevent 
erosion of the soil under the dam. A new 
precision leveling method devised by Dr. 
Terzaghi was described by the speaker in 
connection with a discussion of settlement 
of structures built on clay in various 
European cities. A short discussion fol- 
lowed on the properties and behavior of 
clays. 

There were forty members and guests 
present. 

HENRY BRAskK, Clerk. 


APPLICATIONS FOR 
MEMBERSHIP 
[November 20, 1933] 


Tue By-Laws provide that the Board 
of Government shall consider applications 
for membership with reference to the 
eligibility of each candidate for admission 
and shall determine the proper grade of 
membership to which he is entitled. 

The Board must depend largely upon 
the members of the Society for the infor- 
mation which will enable it to arrive at 
a just conclusion. Every member is there- 
fore urged to communicate promptly any 
facts in relation to the personal character 
or professional reputation and experience 
of the candidates which will assist the 
Board in its consideration. Communica- 
tions relating to applicants are considered 
by the Board as strictly confidential. 

The fact that applicants give the names 
of certain members as reference does not 
necessarily mean that such members en- 
dorse the candidate. 


BOSTON SOCIETY OF CIVIL ENGINEERS 


The Beard of Government will not con- 
sider applications until the expiration of 
fifteen (15) days from the date given. 


For Admission 


Wicsur, Joun B., Belmont, Mass. 
(Age 29, b. Oakland, Me.) Graduate of 
Massachusetts Institute of Technology 
with degrees of S.B. in Civil Engineering, 
1926; S.M. in Civil Engineering, 1928; 
Sc.D. in Civil Engineering, 1933. Ex- 
perience: June, 1926, to June, 1928, as- 
sistant in civil engineering, Massachusetts 
Institute of Technology; October, 1927, 
to March, 1928, designer, carrying out 
least work analysis and deflection com- 
putations on Lake Champlain Bridge, for 
Fay, Spofford & Thorndike; June, 1928, 
to August, 1929, structural draftsman, 
designing, drawing, tracing and inspect- 
ing bridges for the Maine Central Railroad 
Company; August, 1929, to September, 
1930, and June, 1931, to September, 1931, 
bridge designer and detailer, designing, 
and checking various structures, including 
a portion of the elevated express highway 
of the West Side Improvement for the 
New York Central Railroad Company; 
September, 1930, to date, instructor in 
civil engineering, teaching theory and de- 
sign of structures, Massachusetts Institute 
of Technology; June, 1933, to date, de- 
signer, making economic studies, prelimi- 
nary layouts and least work analysis of 
bridges over the Cape Cod Canal for Fay, 
Spofford & Thorndike. Refers to J. B. 
Babcock, 3d, H. K. Barrows, C. B. Breed, 
F. H, Fay, C. M. Spofford. 


ADDITIONS 


Member 
STEPHEN HASELTINE, Jr., 32 Irving Street, 


Apartment 41, Cambridge. 


Student 


JoserH DEARBORN, 97 St. Stephen Street, 
Boston, Mass. 


DEATHS 


WituiAM J. Atcort, Jr. October 20, 1933 
J. WaLpo SmitH . October 14, 1933 
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